The catalytic mechanism of a pyrimidine dimer-specific glycosylase (pdg)/abasic lyase, Chlorella virus-pdg.
The repair of UV light-induced cyclobutane pyrimidine dimers can proceed via the base excision repair pathway, in which the initial step is catalyzed by DNA glycosylase/abasic (AP) lyases. The prototypical enzyme studied for this pathway is endonuclease V from the bacteriophage T4 (T4 bacteriophage pyrimidine dimer glycosylase (T4-pdg)). The first homologue for T4-pdg has been found in a strain of Chlorella virus (strain Paramecium bursaria Chlorella virus-1), which contains a gene that predicts an amino acid sequence homology of 41% with T4-pdg. Because both the structure and critical catalytic residues are known for T4-pdg, homology modeling of the Chlorella virus pyrimidine dimer glycosylase (cv-pdg) predicted that a conserved glutamic acid residue (Glu-23) would be important for catalysis at pyrimidine dimers and abasic sites. Site-directed mutations were constructed at Glu-23 to assess the necessity of a negatively charged residue at that position (Gln-23) and the importance of the length of the negatively charged side chain (Asp-23). E23Q lost glycosylase activity completely but retained low levels of AP lyase activity. In contrast, E23D retained near wild type glycosylase and AP lyase activities on cis-syn dimers but completely lost its activity on the trans-syn II dimer, which is very efficiently cleaved by the wild type cv-pdg. As has been shown for other glyscosylases, the wild type cv-pdg catalyzes the cleavage at dimers or AP sites via formation of an imino intermediate, as evidenced by the ability of the enzyme to be covalently trapped on substrate DNA when the reactions are carried out in the presence of a strong reducing agent; in contrast, E23D was very poorly trapped on cis-syn dimers but was readily trapped on DNA containing AP sites. It is proposed that Glu-23 protonates the sugar ring, so that the imino intermediate can be formed.